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SOLID-STATE ENERGY STORAGE MODULE 
EMPLOYING INTEGRATED 
INTERCONNECT BOARD 

RELATED APPLICATIONS 

This application is a divisional of US. application Ser. 
No. 08/900,427, ?led Jul. 25, 1997, now US. Pat. No. 
6,146,778, Which is hereby incorporated herein by reference. 

GOVERNMENT LICENSE RIGHTS 

The Government of the United States of America has 
rights in this invention pursuant to Cooperative Agreement 
No. DE-FC02-91CE50336 aWarded by the US. Department 
of Energy. 

FIELD OF THE INVENTION 

This invention relates generally to energy storage devices, 
and more particularly, to an apparatus and method for 
selectively interconnecting a number of independent energy 
storage cells disposed in a sealed housing. 

BACKGROUND OF THE INVENTION 

The demand for neW and improved electronic and electro 
mechanical systems has placed increased pressure on the 
manufacturers of energy storage devices to develop battery 
technologies that provide for high energy generation in a 
loW-volume package. Conventional battery systems, such as 
those that utiliZe lead acid for example, are often unsuitable 
for use in high-poWer, loW-Weight applications. Other 
knoWn battery technologies may be considered too unstable 
or haZardous for use in consumer product applications. 

Anumber of advanced battery technologies have recently 
been developed, such as metal hydride (e.g., Ni-MH), 
lithium-ion, and lithium polymer cell technologies, Which 
Would appear to provide the requisite level of energy pro 
duction and safety margins for many commercial and con 
sumer applications. Such advanced battery technologies, 
hoWever, often exhibit characteristics that provide chal 
lenges for the manufacturers of advanced energy storage 
devices. 

In accordance With a conventional advanced battery 
design, individual cells are hardWired together and to the 
positive and negative poWer terminals of the battery. Various 
electronic components Which may be incorporated into the 
battery design must also be hardWired to the cells. It can be 
appreciated that such conventional interconnection 
approaches provide for little, if any, ?exibility When 
attempting to alter the series and/or parallel hardWired 
connections betWeen the cells and components. 

Moreover, the Wiring process typically employed in the 
fabrication of conventional advanced batteries is generally 
complicated and time consuming. An assembly defect of 
particular concern to the manufacturers of conventional 
advanced batteries involves unintentional Wiring shorts 
Which develop during the Wiring process. Such manufactur 
ing defects typically result in a reduction in the performance 
and service life of the battery, and often represent a signi? 
cant safety concern. 

Other characteristics of advanced battery technologies 
provide additional challenges for the designers of advanced 
energy storage devices. For example, certain advanced cell 
structures are subject to cyclical changes in volume as a 
consequence of variations in the state of charge of the cell. 
The total volume of such a cell may vary as much as ?ve to 
six percent during charge and discharge cycling. Such 
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2 
repetitive changes in the physical siZe of a cell signi?cantly 
complicates the mechanical housing design and electrical 
connection strategy. The electrochemical, thermal, and 
mechanical characteristics of an advanced battery cell must 
typically be Well understood and appropriately considered 
When designing an energy storage system suitable for use in 
commercial and consumer devices and systems. 

There is a need in the advanced battery manufacturing 
industry for an energy storage device that exhibits high 
energy output, and one that provides for safe and reliable use 
in a Wide range of applications. There exists a further need 
for an effective interconnection strategy Which provides 
?exibility and reliability When interconnecting a number of 
independent energy storage cells contained Within a sealed 
housing to meet speci?ed current and voltage ratings. The 
present invention ful?lls these and other needs. 

SUMMARY OF THE INVENTION 

The present invention is directed to an improved electro 
chemical energy storage device. The electrochemical energy 
storage device includes a number of solid-state, thin-?lm 
electrochemical cells Which are selectively interconnected in 
series or parallel through use of an integrated interconnect 
board. The interconnect board is typically disposed Within a 
sealed housing or shell Which also houses the electrochemi 
cal cells, and includes a ?rst contact and a second contact 
respectively coupled to ?rst and second poWer terminals of 
the energy storage device. The interconnect board advanta 
geously provides for selective series or parallel connectivity 
With the electrochemical cells, irrespective of cell position 
relative to one another Within the housing. In one 
embodiment, a sheet of conductive material is processed by 
employing a knoWn milling, stamping, or chemical etching 
technique to include a connection pattern Which provides for 
?exible and selective interconnecting of individual electro 
chemical cells Within the housing, Which may be a hermeti 
cally sealed housing. The voltage and current characteristics 
of the energy storage device are alterable by altering the 

O con?guration of the connection pattern. Fuses and various 
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electrical and electro-mechanical devices, such as bypass, 
equaliZation, and communication devices for example, may 
also be mounted to the interconnect board and selectively 
connected to the electrochemical cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an embodiment of a solid-state energy 
storage device Which includes a stack of thin-?lm electro 
chemical cells selectively interconnected in a series and/or 
parallel relationship by use of an interconnect board; 

FIG. 2 illustrates a surface of an interconnect board 
having a connection pattern disposed thereon for providing 
selective series and/or parallel connectivity With a number of 
electrochemical cells; 

FIG. 3 is another illustration of an interconnect board 
Which includes a sheet of conductive material including a 
connection pattern for selectively connecting a number or 
electrochemical cells in a series or parallel relationship; 

FIG. 4A illustrates another embodiment of an intercon 
nect board Which includes a number of components mounted 
thereon; 

FIG. 4B illustrates yet another embodiment of an inte 
grated interconnect board; 

FIGS. 5A—5C is an illustration of a component package 
Within Which equaliZer and bypass devices are integrally 
incorporated; 
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FIG. 6 is an exploded vieW of an energy storage module 
including an interconnect board disposed in a hermetically 
sealed housing; 

FIGS. 7—9 illustrate an embodiment of a hermetic seal for 
use in a sealing various types of conduits or feed-throughs 
that pass into a module housing; 

FIG. 10 is an illustration of a prismatic electrochemical 
cell Which represents one embodiment of an energy storing 
device Which may be used in combination With an integrated 
interconnect board Within a sealed module housing in accor 
dance With an embodiment of the present invention; 

FIG. 11 is a depiction of various ?lm layers constituting 
an electrochemical cell in accordance With the embodiment 
shoWn in FIG. 10; and 

FIGS. 12—13 illustrate another embodiment of a hermetic 
seal for use in a sealing various types of conduits or 
feed-throughs that pass into a module housing. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Referring noW to the draWings, and more particularly to 
FIG. 1, there is provided a partial illustration of an embodi 
ment of an energy storage module 35 Which utiliZes a 
number of rechargeable solid-state thin-?lm electrochemical 
cells for storing electrical energy. Such rechargeable thin 
?lm electrochemical cells are particularly Well-suited for use 
in the construction of high-current, high-voltage energy 
storage modules and batteries, such as those used to poWer 
electric vehicles for example. 
As is shoWn in FIG. 1, the energy storage module 35 

includes a number of individual electrochemical cells 50 
Which are arranged in a stack con?guration 46 and situated 
in a housing 48. Each of the electrochemical cells 50 
includes a pair of electrical leads 52 disposed on opposing 
edges of the cells 50. It Will be appreciated that a generic 
stack 46 of electrochemical cells 50 may be interconnected 
in various parallel and series relationships to achieve desired 
current and voltage ratings. To facilitate selective series or 
parallel connectivity Within the stack 46 of electrochemical 
cells 50, an interconnect board 30 is situated Within the 
housing 48. 

The interconnect board 30 includes a connection pattern 
or conductivity grid 32 Which, When the board 30 is installed 
Within the housing 48, interconnects the electrochemical 
cells 50 in accordance With a pre-established connection 
con?guration. The connection pattern or grid 32 is typically 
af?xed or otherWise bonded to a sheet of insulating material 
34, such as a substantially rigid plastic or laminate material. 
A number of electrical and electro-mechanical components 
may also be mounted on the interconnect board 30. 

As is shoWn in FIG. 1, for example, the interconnect 
board 30 includes a number of fuse packs 40, equaliZer and 
bypass devices 42, and positive and negative poWer termi 
nals 38, 36. It is understood that any or all of the components 
populating the interconnect board 30 may be mounted on 
boards or platforms other than the interconnect board 30, 
and situated internal to or externally of the module housing 
48. In one embodiment, the interconnect board 30 shoWn in 
FIG. 1 and the electrochemical cells 50 are disposed in a 
hermetically sealed housing 48, as Will further be described 
With respect to FIG. 6. 
As is best illustrated in FIG. 2, the interconnect board 30 

typically includes a patterned conductive surface 32 Which 
advantageously provides for the interconnecting of autono 
mous electrochemical cells 50 in accordance With a pre 
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4 
designed connection layout. Asigni?cant advantage realiZed 
by employing an interconnect board 30 having a patterned 
interconnection surface 32 concerns the ?exibility by Which 
a desired current and voltage rating may be achieved irre 
spective of, and Without disrupting, the position of indi 
vidual electrochemical cells 50 relative to one another 
Within the housing 48. 
By Way of example, and With particular reference to 

FIGS. 2—3, the interconnect surface 32 of the interconnect 
board 30 is selectively patterned to achieve a desired cell 
connection con?guration. In this embodiment, the intercon 
nect surface 32 includes a number of electrically isolated 
connection regions Which are pre-designed to electrically 
connect With the positive and negative contacts 52 of a 
particular number of electrochemical cells 50. In accordance 
With this illustrative embodiment, seven isolated connection 
regions, R1—R7, are shoWn as constituting the patterned 
interconnect surface 32 of the interconnect board 30. 
When the interconnect board 30 is installed Within the 

housing 48 and adjacent the electrochemical cell stack 46, 
the electrical contacts 52 of a ?rst group of electrochemical 
cells 50 contact the connection region R1 at a location 54a. 
The opposing set of electrical contacts 52 of the ?rst group 
of electrochemical cells 50 electrically contact the connec 
tion region R2 at a location 54b. In this con?guration, the 
connection region R1 is electrically connected to the nega 
tive poWer terminal 36. 
A second group of electrochemical cells 50 have their 

respective opposing set of electrical contacts 52 connected 
to connection regions R3 and R2 at locations 56a and 56b, 
respectively. A third group of electrochemical cells 50 have 
their respective opposing electrical contacts 52 connected to 
connection regions R3 and R4 at locations 58a and 58b, 
respectively. Subsequent groupings of electrochemical cells 
50 have their respective opposing electrical contacts 52 
connected to connection regions R5, R6, and R7 in a similar 
manner. It is noted that the connection region R7 is electri 
cally connected to the positive poWer terminal 38. 

It is to be understood that any number of connection 
regions of varying con?guration may be provided on the 
interconnect surface 32 of the interconnect board 30. 
Although each of the connection regions R1—R7 shoWn in 
FIGS. 2—3 electrically communicate With a group of elec 
trochemical cells 50, it is understood that a connection 
region may be designated to electrically communicate With 
only a single electrochemical cell 50. It can be seen that the 
?rst group of electrochemical cells 50 are connected in a 
parallel relationship With respect to connection regions R1 
and R2. Similarly, the second group of electrochemical cells 
50 are connected in parallel With respect to connection 
regions R3 and R2. 

Having established electrical connectivity With selected 
electrochemical cells 50 at selected isolated connection 
regions, the connection regions are then interconnected in a 
series or parallel manner through the use of electrical 
conductors and/or components. Bridging selected isolated 
connection regions in this manner de?nes a current path the 
permits current to How through, for example, the positive 
poWer terminal 38, each of the connection regions R1—R7, 
and through the negative poWer terminal 36. 

In one embodiment, a simple short-circuit bridge or 
connector may be used to selectively interconnect the con 
nection regions R1—R7 in a desired manner to permit current 
to How through the module 30. In another embodiment, 
various electrical or electro-mechanical components may be 
disposed on the interconnect board 30 Which control the 
How of current betWeen isolated connection regions. 
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Those skilled in the art Will appreciate that an intercon 
nect board 30 implemented in accordance With the principles 
of the present invention permits ?exible and selective con 
necting of any number of electrochemical cells 50 in any 
desired series or parallel relationship. The interconnect 
board 30 further permits easy integration of various control 
and monitoring devices in series or parallel With respect to 
the electrochemical cells. The interconnect surface 32 may 
be patterned according to various pre-designed connection 
layouts to achieve desired voltage and current ratings. The 
manufacturability of energy storage modules that satisfy a 
Wide range of poWer requirements is signi?cantly improved 
by, for example, selecting among a number of interconnect 
boards 30 having varying interconnect surface 
con?gurations, and installing a selected interconnect board 
30 in a selected module housing. A number of different 
module housing con?gurations may be designed and fabri 
cated to house a particular number of electrochemical cells 
based on the energy production requirements of a particular 
application. 

Turning noW to FIG. 4A, there is provided a top vieW 
illustration of one embodiment of an integrated interconnect 
board 30 onto Which a number of control devices are 
mounted. In either of the embodiments shoWn in FIGS. 
4A—4B, the bottom of the interconnect board includes an 
interconnect surface similar in con?guration to that shoWn in 
FIGS. 2—3. In the con?guration shoWn in FIG. 4A, the 
energy storage module includes 48 individual electrochemi 
cal cells 50 grouped into six cell packs each comprising 
eight parallel connected electrochemical cells 50. In the 
embodiment shoWn in FIG. 4B, the energy storage module 
includes 64 individual electrochemical cells 50 grouped into 
eight cell packs each comprising eight parallel connected 
electrochemical cells 50. 

Associated With each of the six cell packs in FIG. 4A is 
a fuse pack 40 Which includes eight fuses (not shoWn), With 
one fuse being connected in series With one of the eight 
parallel connected electrochemical cells 50 of the cell pack. 
The fuses Within the fuse pack 40, When activated, provide 
for the electrical isolation of a defective cell from the 
remaining cells of the cell pack. The interconnect board 70 
shoWn in FIG. 4B includes eight fuse packs 40 and also 
includes temperature sensors 72 Which monitor the tempera 
ture of the interconnect board. A fuse is typically activated, 
for example, upon the development of a short-circuit Within 
a particular cell of a cell pack. Various types of suitable fuse 
devices are disclosed in co-pending application Ser. No. 
08/900,929, now US. Pat. No. 6,099,986, entitled “In-Situ 
Short-Circuit Protection System and Method for High 
Energy Electrochemical Cells (Gauthier et al.), the contents 
of Which are incorporated herein by reference. 
A current bypass device may also be af?xed to the 

interconnect board 30/70 and connected in series With a cell 
pack Which, When activated, isolates a cell pack from the 
series connection and bypasses current around the defective 
cell pack. A number of suitable current bypass devices are 
disclosed in co-pending application Ser. No. 08/900,325, 
now US. Pat. No. 6,046,514, entitled “Bypass Apparatus 
and Method for Series Connected Energy Storage Devices 
(Rouillard et al.), the contents of Which are incorporated 
herein by reference. 
An equaliZer device may further be connected in parallel 

With a cell pack Which provides overvoltage protection and 
balancing of cell pack potentials during charging and dis 
charging operations. A number of suitable equaliZer devices 
are disclosed in co-pending application Ser. No. 08/900,607, 
now US. Pat. No. 5,952,815, entitled “Equalizer System 
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6 
and Method for Series Connected Energy Storage Devices” 
(Rouillard et al.), the contents of Which are incorporated 
herein by reference. 

In one embodiment, the equaliZer device and bypass 
device are incorporated into a single intergrated component 
package, such as the equaliZer/bypass module 45 shoWn in 
FIG. 4A. Additionally, a communications device may be 
connected to each of the cell packs to facilitate monitoring 
and controlling of individual cell packs by an internal or 
external controller or processor. Also, a temperature sensor 
47/72 may be mounted on the interconnect board 30/70. 

In FIGS. 5A—5C, there is illustrated an embodiment of an 
intergrated equaliZer/bypass module 45 Which, as discussed 
previously, may be mounted on the interconnect board 
30/70. The intergrated equaliZer/bypass module 45 advan 
tageously provides for a compact housing con?guration 
capable of ef?ciently dissipating heat generated during equ 
liZation and bypass conditions through contact terminals 67, 
69 af?xed to the interconnect board 30/70. The heat con 
ducted through the contact terminals 67, 69 and to the 
interconnect board 30/70 may further be conducted to the 
Walls of the housing 48 through thermal conductors extend 
ing from the cells and contacting the housing Walls, as Will 
later be discussed in greater detail. 

In one embodiment, the integrated equaliZer/bypass mod 
ule 45 has a total length, LT, of 2.75 inches. The housing 65 
of the equaliZer/bypass module 45 has a length, LM, of 2.25 
inches. The total Width, WT, of the equaliZer/bypass module 
45 is 1.50 inches, While the Width of the positive and 
negative terminals 67, 69 is 1.25 inches. The height, HT, of 
the housing 65 is 0.625 inches, and the height or thickness, 
HC, of the positive and negative terminals 67, 69 is 0.05 
inches. The equaliZer/bypass module 45 is mounted on the 
interconnect board 30/70. The connection surface 32 of the 
interconnect board 30/70 includes a patterned copper plate 
having a thickness of 0.05 inches. The thickness of the 
conductive sheet is required in order to pass a relatively high 
current, and virtually precludes employment of conventional 
photo-etched printed circuit board (PCB) techniques. 

It is noted that the heat generated by the equaliZer/bypass 
module 45 is typically conducted from the integrated mod 
ule 45 and interconnect board 30/70 to the Walls of the 
module casing 48. In accordance With this design, the 
equaliZer can pass a current on the order of 5 amps Which 
results in the generation of approximately 15 Watts of heat. 
Those skilled in the art Will appreciate that the high current 
rating of the equaliZer provides for relatively high rates of 
energy storage system charging and discharging. 

Returning to FIGS. 2—3, one embodiment of an intercon 
nect board 30/70 includes a plastic sheet 34, onto Which a 
number of components are mounted, and a separate sheet of 
electrically conductive material, Which is patterned to form 
an interconnect surface 32. The patterned conductive sheet 
is subsequently affixed to the plastic sheet 34. In one 
embodiment, the conductive sheet constitutes a copper sheet 
having a thickness of 0.05 inches and a Width and length 
Which varies depending on the siZe of the module 35. The 
copper sheet is machine milled to develop individual con 
nection regions thereon in accordance With a pre-designed 
pattern layout. It is noted that the pattern layout should be 
designed to minimiZe the volume and Weight of the copper 
sheet. 

FolloWing machining of the copper sheet, each of the 
individual copper connection regions is cleaned and 
mounted to the plastic board 34 at appropriate locations to 
facilitate the reconstruction of the pre-designed pattern 
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layout. The plastic board 34 typically has a thickness of 
approximately 0.1 inches, and has a construction similar to 
circuit boards commonly used Within the electronics indus 
try. The copper connection regions may be affixed to the 
plastic board 34 by conventional adhesion or fastening 
techniques. It is understood that conductive materials other 
than copper, such as aluminum for example, may be 
employed to fabricate the connection regions. 

In an embodiment in Which various electronic devices are 
used to monitor and control electrical and thermal energy 
generated Within the module 35, such devices are then 
mounted to the integrated interconnect board 30/70. For 
example, a number of equaliZer/bypass modules 45 and 
communication devices 47 are mounted to the interconnect 
board 30/70. The equaliZer/bypass modules 45 and positive 
and negative poWer terminals 38, 36 may be Welded to the 
interconnect board 30/70, such as by employing a knoWn 
ultrasonic Welding technique. Alternatively, an air ?oW 
braZing or spot Welding technique may be employed to 
mount the equaliZer/bypass module 45 and terminals 36, 38 
to the interconnect board 30/70. 

In addition to mounting the equaliZer/bypass modules 45 
and terminals 36, 38, the fuse packs 40 may be mounted on 
one or both sides of the interconnect board 30/70, depending 
on the cell con?guration and the need to minimiZe the 
Weight and volume of the interconnect surface 32. One side 
51 of the fuse packs 40 is ultrasonically Welded to the 
interconnect board 30/70. It is noted that the use of ultra 
sonic Welding to mount various components to the intercon 
nect board 30/70 results in the overall reduction in heat 
generated during the Welding procedure in comparison to 
other knoWn Welding techniques. HoWever, air ?oW braZing, 
soldering, or spot Welding techniques may be employed in 
combination With Well-designed heat sinks. 

Finally, the interconnect board 30/70 is mounted on the 
stack 46 of electrochemical cells 50. Each of the cell 
terminals 52 is connected to the interconnect board 30/70, 
Which may be performed by ultrasonic Welding, soldering, 
or spot Welding. Table 1 beloW provides various data asso 
ciated With the use of an interconnect board 30/70, such as 
that shoWn in FIGS. 4A—4B, for interconnecting a number of 
individual electrochemical cells 50 and various electronic 
devices encased in a sealed module housing 48. The data 
tabulated in Table 1 demonstrates that a total resistance of 
approximately 8 micro-ohms and a total Weight of 7 to 14 
grams may be realiZed by employing an integrated inter 
connect board 30/70 of the type illustrated herein for use in 
a poWer system capable of passing on the order of 400 A of 
peak current With less than approximately 4 mV of voltage 
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108 incorporates a hermetic seal 115, such as that described 
beloW With respect to FIGS. 7—9, that seals various feed 
throughs provided in the inner shell cover 108. 

In accordance With one embodiment, the module 100 
includes a stack 105 of electrochemical cells 121 Which are 
interconnected through use of the interconnect board 104. 
The stack 105 of electrochemical cells 121 are segregated 
into six cell packs 125, all of Which are banded together by 
use of tWo bands 127 and tWo opposing end plates 129. The 
48 electrochemical cells 121 are subjected to a continuous 
compressive force generated by use of the bands 127/end 
plates 129 and a foam or spring-type element disposed 
Within or adjacent each of the cells 121. Each electrochemi 
cal cell 121 includes a thermal conductor Which is spot 
Welded or otherWise attached respectively to one or both of 
the positive and negative cell contacts. 
The positive and negative contacts of the thermal con 

ductors carry current from the cells 121 to the interconnect 
board 104. The thermal conductors also conduct heat from 
the cells to a metallic inner shell 101 Which serves as a heat 
sink. The thermal conductors include a spring portion Which 
deforms When the cell 121 is inserted into the inner shell 
101, accommodating tolerances in cell length and changes in 
separation distances betWeen the cells 121 and the inner 
shell 101. 
The inner shell 101 has a thickness of approximately 1 

mm and is fabricated from deep draWn aluminum or stain 
less steel. The interior sides of the inner aluminum shell 101 
include an anodiZed coating having a thickness of approxi 
mately 0.64 mm. The anodiZed surface of the inner shell 101 
provides electrical insulation betWeen adjacent cells 121, yet 
provides for the efficient transfer of heat generated from the 
cells 121 through contact With the resilient cell conductors. 
In the case of a stainless steel inner shell 101, thin plastic or 
mica sheet may be situated betWeen the cells 121 and the 
inner shell Walls. 
The interconnect board 104 is situated above the cell stack 

105 and includes control circuitry for each of the respective 
six cell packs 125 constituting the cell stack 105. Each cell 
pack control unit 113 includes a short circuit protection 
device such as a fuse pack 107, a bypass device, and an 
equaliZer circuit Which control the operation of the cell pack 
125 While charging and discharging. Accordingly, each of 
the cell packs 125 is monitored and controlled by a respec 
tive cell pack control unit 113. A control board 106, situated 
above the interconnect board 104, includes a processor that 
monitors and controls each of the six cell pack control units 
113. As such, the control board 106 provides for cell pack 
and module level monitoring and control during charging 
and discharging operations. 

_ 50 . . 

drop across the poWer terminals and a poWer loss on the Apa1r of quick connectors 117 pass through correspond 
order of 1 Watt. ing holes provided in an inner shell cover 108 and serve as 

TABLE 1 

Volume Resistance Volt. 
Thickness cube Weight microohm drop PoWer Energy 

Material Mils meter grams @80° C. mVolts Watts Joules 

Copper 50 1.6E-O6 14.41 8.39 3.36 1.34 40.29 
Aluminum 80 2.58E-O6 6.94 8.64 3.46 1.38 41.48 

In FIG. 6, there is illustrated an exploded vieW of a poWer 
generating module 100 that includes an inner shell 101 
Which contains a stack 105 of electrochemical cells 121 and 
various electronic boards, including an interconnect board 
104 of the type previously discussed. An inner shell cover 
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the main poWer terminals of the module 100. The quick 
connectors 117 are hermetically sealed to the inner shell 
cover 108 using a sealing apparatus 115. When an outer shell 
cover 112 is positioned onto the inner shell cover 108, the 
quick connectors 117 are received into mating sockets 119 








